The purpose of this study was to investigate whether pelvic stabilization affects multifidus (MF) and iliocostalis lumborum (IL) muscle activities during dynamic extension exercise. Nine males (age, 25.1 ± 6.3 yr; height, 176.6± 2.4 cm; body mass, 74.9± 6.7 kg) performed an isometric lumbar extension strength test and dynamic exercise in an upright seated position with or without pelvic stabilization. The electromyography and muscle strength of the MF and IL muscles were measured when the subjects performed the isometric lumbar extension strength test at the trunk angle 110˚, 146˚, and 182˚. In addition, the trunk extensor muscle activities were measured using 50% muscle strength of maximum isometric strength during a dynamic trunk extension exercise. The MF and IL muscle activities were significantly higher at 110°, 146°, and 182° with pelvic stabilization than that without pelvic stabilization during the isometric lumbar extension strength test (P< 0.05) and the dynamic exercise (P< 0.05). These results suggest that the lumbar extension exercise with pelvic stabilization may be more effective for MF and IL muscle activity compared to that without pelvic stabilization.
INTRODUCTION
Low back pain (LBP) is one of the most common musculoskeletal disorders (van Tulder et al., 2000) . In LBP patients, poor back muscle strength could be attributed to a higher proportion of type II fatigable fibers and/or atrophy of lumbar muscles (da Silva et al., 2009; Mannion et al., 2000) . Resistance exercise training increases strength and endurance of back muscles (Mannion et al., 2001 ) and decreases pain and disability (Vincent et al., 2014) among patients with LBP.
Resistance training using lumbar extension machines has been commonly used to increase lumbar muscle strength and endurance to reduce LBP symptoms and disability (Fisher et al., 2013) . Especially, lumbar extension exercise machines with pelvic stabilization mechanism are widely used for prevention and treatment of LBP. Lumbar extension machines with pelvic stabilization are composed of a leg restraint pad and a thigh-pelvic restraint pad to restrict the movement of the pelvis and hip extensor (San Juan et al., 2005) .
Lumbar extensors are mainly composed of the erector spinae and multifidus muscle groups, and work cooperatively with gluteal and hamstring muscles during trunk extension (Graves et al., 1994) . This compound movement is called lumbopelvic rhythm. From a position of full trunk flexion, the lumbar extensors (erector spinae and multifidus) and hip extensors (gluteals and hamstrings) work together to actively rotate the trunk through approximately 180° in the sagittal plane (Cailliet, 1996) . Lumbar movement accounts for approximately 72° of this motion, whereas hip and pelvis movement accounts for the remaining 108° (Pollock et al., 1989) . In this respect, it seems that lumbar muscles requires stabilization of the pelvis to isolate the lumber extensors and minimize the contribution of the hip and leg muscles to effectively assess and train (Graves et al., 1992; Pollock et al., 1989) .
Pelvic stabilization during trunk extension exercise also restricts the involvement of the hip extensors and provides optimized recruitment of lumbar extensors (Graves et al., 1994; Smidt et al., 1983) . Graves et al. (1994) reported that lumbar extension exercise http://dx.doi.org/10.12965/jer.150249 training with pelvic stabilization on a lumbar dynamometer effectively developed lumbar extension strength, while training without the stabilization was ineffective. Choi et al. (2005) also reported that a 12-week postoperative lumbar extension training with pelvic stabilization to herniated disc patients improved multifidus (MF) and longissimus muscle mass, decreased pain, and higher rates of return to work compared without pelvic stabilization.
In contrast, several studies have reported that there were no differences in lumbar extensor muscle activity between lumbar extension exercise with pelvic stabilization and that without stabilization. Mayer et al. (2002) showed that lumbar extension exercise on a lumbar extension machine increased in strength of lumbar extensor, even in the absence of pelvic stabilization. Benson et al. (2002) also reported that there was no difference in lumbar extension muscle activity between the stabilized and unstabilized conditions by using the roman chair. Despite many studies have been performed on machines for lumbar extension exercise with or without pelvic stabilization, there is still controversy as to whether pelvic stabilization affects lumbar extensor muscle activity.
Therefore, the purpose of this study was to investigate whether pelvic stabilization affected the MF and iliocostalis lumborum (IL) muscle activities during isometric lumbar strength test and dynamic exercise. We hypothesized that pelvic stabilization would enhance the activities of MF and IL muscles during isometric lumbar strength test and dynamic exercise.
MATERIALS AND METHODS

Design
A within-subject, repeated measures design was used to examine surface electromyography (EMG) of MF and IL muscle with or without pelvic stabilization on during an isometric lumbar extension strength test and a dynamic exercise. Isometric lumbar extension strength test and dynamic exercise were performed in the seated upright position under two conditions of with or without pelvic stabilization using a lumbar extension machine. The same investigator performed the procedures and the tasks with all subjects to ensure uniformity.
Participants
Nine males (age, 25.1±6.3 yr; height, 176.6±2.4 cm; body mass, 74.9±6.7 kg) were recruited from a university setting and participated in this study. Potential subjects were excluded from the project if they fit any of the following criteria (San Juan et al., 2005) : (a) under eighteen or over fifty years of age; (b) history of chronic LBP; (c) currently experiencing LBP; (d) history of lumbar spine pathologies; (e) knee or hip conditions contraindicating the use of pelvic restraint; (f) history of cardiovascular disease without consent from a physician; and (g) orthopedic or cardiovascular contraindications to resistance training. This study was approved by the Ethics Committee of Dankook University, in accordance with the ethical standards of the Declaration of Helsinki (DKU 2015-05-011). Participants provided written informed consents.
Procedure
A week before the period, all participants then performed manually resisted isometric back extension trials to elicit the maximal voluntary contraction (MVC) level for the MF and IL (McGill, 1992 ). The MF was tested with the participant prone, arms crossed over the chest and attempting to perform back extension and rotation to the opposite side while the investigator resisted the motion. IL was tested with the participant supine, the pelvis laterally flexed in relation to the trunk and attempting to perform lateral flexion to the opposite side while the investigator resisted the motion. The maximum EMG signal of any of the three trials was designated as the MVC and used to normalize the subsequent EMG data.
Isometric lumbar extensor strength test and dynamic exercise sessions separated by one week were required. Isometric lumbar extension strength test and dynamic exercise were using a lumbar extension exercise system (LEX; Daeyang Mechanics, Seoul, Korea) between pelvic stabilized and unstabilized conditions. Isometric lumbar extension strength values were used to collect the EMG data and to determine the load for the dynamic exercise. Subjects were seated in the LEX in an upright position in order to isometric lumbar extension strength test with pelvic stabilized condition. The knees were positioned so that the thighs were parallel to the seat. The lower legs were placed in the leg support and fixed a lower leg restraint pad. The anterior portion of the thigh and pelvic were secured with the thigh-pelvic restraint pad over the anterior thigh and pelvis (Fig. 1) . Next, passive lumbar ranges of motion in the sagittal plane and centers of torso mass were determined. Then, the subjects performed a series of submaximal isometric strength tests and light dynamic exercise for familiarization to the device. After a 15-min rest period, the subjects were positioned in the lumbar dynamometer as described above, maximum voluntary isometric lumbar extension torque output was measured at three positions at 110°, 146°, and 182° of lumbar extension. When ready to test, the subject was requested to build up to maximal tension over 2-3 sec and to maintain the contraction for a further 1 sec with rest interval 10 sec between each angle. During the test, the subjects were verbally encouraged to generate maximum torque (Graves et al., 1994) . Isometric lumbar extension strength test in the unstabilized pelvic position was performed in similar condition to that the stabilized pelvic position. However, movement of the pelvis was restricted that the thigh-pelvic restraint pad, leg support and leg restraint pad were not used.
After the isometric strength test, subjects rested in a lying position for 15-20 min, and then performed dynamic exercise. Dynamic exercise conducted under the same condition as in the isometric lumbar strength test. Dynamic exercise was performed from 110° to 182° of extension and load set at 50% of their individual maximum isometric torque. The subjects were instructed to perform 20 repetitions and spend 2 sec completing each eccentric and concentric phase. Dynamic exercise in the unstabilized pelvic position was performed in similar condition to that the stabilized pelvic position. The order for the two exercise conditions was balanced across subjects.
EMG assessment
The EMG signal was collected using Noraxon Telemyo 2000 System (Noraxon USA Inc., Scottsdale, AZ, USA), including receiver, transmitter, and USB A/D converter at a sampling rate of 1,000 Hz. Common mode ratio was >100 dB, baseline noise was <1 mV, and input impedance was >100 mOhms. The raw data were full-wave rectified, smoothed at 50 ms RMS algorithm, filtered, and normalized as a percentage of the middle 3 sec of the MVC data using the myoresearch software XP (Noraxon USA
Inc.).
Surface EMG signals were recorded from the right lumbar MF and IL muscles. Electrodes for the MF were attached right side of the L3-L4 spinous process, approximately 3 cm from the midline of the torso. The IL electrodes were placed parallel to the line between the posterior superior iliac spine and the lateral border of the muscle at the 12th rib (Ng et al., 1997) . Before application of the surface electrodes, the subjects' skin was shaved if necessary, and wiped with alcohol to reduce skin impedance (Marshall and Murphy, 2005) . The centre-to-centre electrode distance was 2.5 cm. Electrodes were positioned above the midpoint of the muscle belly, parallel to the direction of the muscle fibers. They were further secured to the skin with adhesive tape together with the preamplifier to reduce motion artefacts (Karamanidis et al., 2004) .
Statistical analysis
Measured data, we used the paired t-test for comparisons of MF and IL muscle activities in restraint conditions (stabilized pelvis and unstabilized pelvis) during isometric lumbar extension strength test and dynamic exercise. No statistical comparisons were made between the two muscles. IBM SPSS ver. 18.0 (IBM Co., Armonk, NY, USA) was used for the statistical analysis with a significance level of α=0.05.
RESULTS
Changes in the muscle activity of MF at 110°, 146°, and 182° with and without pelvic stabilization are shown in Fig. 2 . The muscle activity of the MF was significantly higher at 110°, 146°, and 182° in pelvic stabilized condition than pelvic unstabilized condition during the isometric lumbar extension strength test (P<0.05). Changes in the muscle activity of IL at 110°, 146°, and 182° with and without pelvic stabilization are shown in Fig. 3 . The muscle activity of the IL was significantly higher at 110°, 146°, and 182° in pelvic stabilized condition than pelvic unstabilized condition during the isometric lumbar extension strength test (P<0.05). Changes in the muscle activities of MF and IL with and without pelvic stabilization during dynamic exercise are shown in Fig. 4 . The muscle activities of the MF and IL were significantly higher at pelvic stabilized condition than pelvic unstabilized condition during the dynamic exercise (P<0.05).
DISCUSSION
The major finding of the present study was that MF and IL muscle activities were higher in isometric lumbar strength test and dynamic exercise with pelvic stabilization than that without pelvic stabilization. This result supports our hypothesis that pelvic stabilization enhances activity of MF and IL muscles during isometric lumbar strength test and dynamic exercise.
In contrast, Udermann et al. (1999) reported that the EMG activity of the lumbar extensors were not different between pelvic stabilized and unstabilized conditions. These differences may be related to difference in pelvic stabilization mechanisms among lumbar extension machines. According to Pollock et al. (1989) , isolation of the lumbar extensors through restraining both the legs and pelvis was shown to reduce pelvic movement compared with less strict restraints. This process helps eliminate the contribution of the hip extensors during trunk extension (Graves et al., 1994) . Therefore, the results of the present study were due to provision for a completely fixed both the legs and pelvis.
Lumbar muscles are dedicated to intersegmental stability and generating movement so that weakness of lumbar muscles leads to LBP, functional disability, instability to reduce mobility (Dolan and Adams, 1993) . The goal of exercise in patients with LBP is to improve back extension strength and mobility, alleviate functional disability (Risch et al., 1993) . According to a previous study, lumbar extension training with pelvic stabilization increased back muscle strength and decreased pain and disability in patients with LBP (Süüden et al., 2008) . These findings are in accordance with the results of a study conducted by Graves et al. (1994) , which found lumbar extension exercise with pelvic stabilization is more effective method for increasing lumbar extension strength than that without pelvic stabilization. Another study also reported that pelvic stabilization significantly increased activities of the trunk extensors during isometric trunk muscle exercise (Shirado et al., 1995) . In the present study, muscle activities of MF and IL were significantly higher in pelvic stabilized condition than that in pelvic unstabilized condition. Our finding clearly indicates that pelvic stabilization is essential to do the lumbar muscles effectively, and that such stabilization may increase lumbar extension strength, effectively. Pollock et al. (1989) and Graves et al. (1994) have speculated that the relatively large increases in the ability of the isolated lumbar extensor muscles to generate torque, particularly in the more extended portions of the range-of-motion because these muscles are initially very weak. The lumbar extensors are rarely recruited during normal daily activities so that they seldom encounter an overload stimulus required to gain strength. If pelvic stabilization is essential to strengthen lumbar extensors, and so even those who perform regular weight training may suffer from disuse atrophy of the lumbar muscles, and should include lumbar extension training in their workout regimes to keep low back health (Koumantakis et al., 2005) . This assertion is supported by a recent case study (Süüden et al., 2008) , showing that a participant who had lost an average of 42% of his lumbar strength during 10 yr, despite regularly performing heavy deadlifts, squats, bent-over rows, and other weight training exercises that load the lumbar spine. The limitations of the present study should be taken into consideration. Our results cannot necessarily be generalized to LBP patients who have different patterns of lumbar muscle activity. Further investigation is necessary to determine whether pelvic stabilization increases muscle activity in patients with LBP during lumbar extension exercise to reduce LBP symptoms.
In conclusion, our study demonstrated that the isometric lumbar extension strength test and dynamic exercise with the pelvic stabilized condition were shown to be more effective exercise for MF and IL muscle activity, compared to pelvic unstabilized condition. The pelvic stabilized condition would be more effective in training lumbar extension muscles through enhanced muscle activity. This information could be used to provide back muscle strength training, prevention and rehabilitation of LBP.
